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(57) Abstract: The invention relates to 
composite pressijrizable structures which 
are overwound with fibres or are braided. 
The pressurizable structuies comprise 
axial sections which in turn comprise both 
concave and convex surfaces. The shape 
characteristics are related to geodesic as well 
as non-geodesic ti^jectories in regard of the 
fibres. Axial sections of the pressurizable 
structaies can be rotated, expanded or 
bended with respect to the longitudinal axis 
of the pressurizable scruciure. Examples 
of uses of the pressurizable structure relate 
to pressure vessels and Hexible pipelines, 
spring elements, robotic actuatoi^ and 
adaptable buildings. In another aspect, th^ 
invention relates to a niethod of production 
by means of braiding, which in principle 
allows for the conscmaion of very large 
structures. 
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PRESSURIZABI R STRUCTURES COMPRISING DIFFER ENT SURFACE SECTIQNS 

The invention xdates to presstirizable stmctures comprising a gas- or fluid-tigj^t body 
overwound with a number of abre filaments, whereby the radixis of the body varies along a 
5 rotation-symmetrical axis of the structure. 

Pressimzable structures of the above-indicated type are well known in the art. A 
known pressuiizable structure may comprise a body of which the radius varies with respect to 
a rotation-symmetrical axis of the structure, such that the body comprises a number of convex 
surface sections each having a local maximum radius, such as with isotensoidal or cylindrical 
1 0 bodies. When under internal pressure^ such bodies form part of rigid, pressure-resistant stmc- 
tures. 

It is an object of the invention to provide pressurizable structures of which the radius of 
the body varies with respect to a rotation-symmetrical axis of the stnicture^ which structures 
when under pressure offer stiffness and strength of an order as that provided by known pres- 
15 surizable structures of which the body comprises a number of convex surface sections. 

It is another object of the invention to provide for pressurizable structures of the above- 
indicated t5^e with a low requirement of material in regard of production and a large reduc- 
tion in weight of the pressurizable structure. 

Either or both objects are achieved by means of a fibre-reinforced pressurizable struc- 
20 ture according to claim 1, which fibre-reinforced pressurizable structure comprises a gas- or 
fluid-tight body overwound with a nimciber of fibre filaments, whereby the radius of the body 
varies with respect to a rotation-symmetrical axis of the structure, such that said body com- 
,) prises a number of concave siirface sections each having a local minimiun radius, and a num- 
ber of convex siarface sections each having a local maximum radius, characterized in that at 
25 least one concave siurface section is overwound with a fibre such that the longitudinal orienta- 
tion of the fibre along a firute length thereof is orientated substantially perpendicular with re- 
spect to the rotation-synunetrical axis of the structure. 

The advantage related to this technical element is that the pressurizable structure which 
comprises concave and convex surface sections is overwound with a fibre, such that at every 
30 locus on the surface of the structure, the fibre is under a constant tension, not only with respect 
to the convex sxuf ace sections but also with respect to concave surface sections of the pres- 
surizable structure. In regard of the fibre, both geodesic trajectories (i.e. with zero friction be- 
tween the fibre and the surface it lies on) as well as non-geodesic trajectories (non-zero friction 
between the fibre and the surface it lies on) are achievable. 
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It is to be noted that the local orientation of the ^re on said concave surface section is 
intact and that it remains intact during nse, even when the structure is not under internal pres- 
sure. 

This iTa&ic concept makes it possible to connect bodies of pressurizable structures^ 
5 which Ixxlies comprise difterent surfece sections^ together by means of continuous overwind- 
ing, Le. without the use of interconnecting means between bodies which aje separately over- 
wound. Large pressurizable structures comprising different axial sections, including axial 
sections having concave surfaces^ are achievable whereby the Sbre: alwajrs follows a globular 
or bulbous trajectory as determined by the isotensoidal shape of the related axial section. 

10 Preferably, the finite length of the fibre comprises a locus at which the Sbxe undergoes 

torsion with respect to its longitudinal centre-line. This is advantageous in that the transition 
between ai^oining concave and convex surface sections can be achieved by means of a single 
Sbre^ More preferably, the finite length of the Bbxe comprises a locus at which there is reversal 
of the side of the fibre which is in contact with the body. This offers the advantage that transi- 

15 fcions between adjoining axial sections having concave and oanvex surfaces whereby a transi- 
tion occurs over a short length with respect to the rotattonal-syxnmetrical axis of the body may 
also be achieved by means of a single fibre. 

Two further preferred embodiments in regard of ttiis aspect of the invention are 
claimed according to claims 4 and 5. 

20 According to another embodiment of the inventioxv the body of the fibre-reinforced 

pressurizable stracture is flexible, Le. non-rigid, and that the fibres are supported by a matrix 
material This is advantageous in that large-scale structures may be constructed as comprising 
axial sections or substructures with different surfaces, whereby each axial section or substruc- 
ture is separately foldable and inflatable/deflatable, such that the architecture and the local 

25 orientation of the fibre across the surfiace of the axial sections or substructures remain intact 
under all conditions of use. 



tion whereby this section is not under internal pressure and thus its being in a compact state, 
30 and after being brought into its working position, the axial section being brought under inter- 



spect to the rest of the pressurizable structiure according to the invention, e,g, rotated, trans- 
35 lated or bended with respect to the longitudinal axis of the pressurizable structure, are claimed 



Another advantage of this embodiment is that a part of the pressxirizable structuie ac- 
cording to the invention/ at least an axial section thereof, can be brought into a working posi- 



r\al pressure to its pressurized operating state. This provides for economical advantage and for 
access to and operability in tight spaces. 

Embodiments comprising axial sections which can b>e positioned differently with re- 
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in claims 7 to 9. Exnbodiinents of the pressuxizable structure according to the invention which 



are suitable for various applications are daimed in claims 11 to 15. 

These and other aspects of the invention will be apparent from and elucidated With 
reference to the eznbodiinent(s) described hereinafter. 

Hguie 1 depicts cross-sections of a number of isotensoidal profiles of the body of a 
pressuxizable structure, to be seen in conjunction with Figure ^ 

Figure 2 depicts graphically a pressuxizable structure provided with a number of con- 
cave surface sections and a number of convex surface sections; 

Figure 3 depicts a graphical representation of fbrces/ surfaces, pressures and radii in 
tight of definitions of the q-factor and r-factor; 

Figure 4 dqdcts pressuxizable structures having different ratios of the so-called q-factor^ 
to be se^ with reference to Figure 1; 

Figure 5 depicts a graph of some relationships of the so-called r-factor to the geometry 
of the body of Qie pressurizable structure; 

Kgure 6 depicts schematically a reversal of the side of the fibre which is in contact with 
the body; 

Figure 7 depicts schematicaUy the occurrence of fibre twist and of reversal of the con- 
tact side of the fibre as functions of the q-factor and the r-factor; 

Figure 6 depicts a graph of the dimenssonless reduction of the pole opening for various 
|i-values as a function of the dimensionless equatorial radius; 

Figure 9 depicts a graph of critical values of the dimensionless equatoiial radius as a 
function of the applied friction; 

Figure 10 depicts a graph of dimensionless values of displacement of the highest point 
of the structure as a fimction of the parameter ^ with different initial vahies of the r-factox; 

Figure 11 depicts a graph of effective values of Oie r-factor as a function of the parame- 
ter § with different initial values of the r*factoi7 

Figure 12 depicts schematically translation and rotation of an axial section with respect 
to the longitudinal axis of the pressuriasable structure; 

Figure 13 depicts translation and beitding of an axial section with respect to the longi- 
tudinal axis of the pressurizable structure; 

Figure 14 depicts a hyperbcdoid axial section as an embodiment comprising an isoten- 
soidal concave surface; 

Figure 15 depicts schematically a correction moment as a reaction to inclination at a 
pole of the pressurizable structure; 
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Hguie 16 depicts gmphically the deformed state of an axial section oi the pressuiizable 
structure resulting £rom indination at the pole of the pnessuxizable structure; 

Hgiire 17 depicts a graph of the correction moment which is generated as a function of 
angular def ormafion at the pdar plane of the pressiuizable structure; 
5 Figure 18 depicts a graph of in-plane strains of an axial section when it is deformed into 

a flat surfece; 

Figure 19 depicts schematicalty a two-dimensional arrangement of pressuiizable fuel 
tanks according to the invention; 

Figure 20 depicts schematically a plan view of a coiid>indtion of three pressurizable 
10 structures according to the invention; 

Figures 21 A, B and C depicts schemabcaUy the use of a pressurizable structure accord- 
ing to the invention as an elevator-driving element (21 A), an excavator-driving elemrat (21B) 
and a robotic actuator (21C)/ respectively; 

Figure 22 depicts schematically a plan view of the ground floor of a pressurizable struc- 
15 ture according to the invention which comprises means for a shoring or strutting functicm, 
such as oonstructian beams; 

Figure 23 depicts schematically an elevation of a building comprising pressurizable 
structures according to Figure 22; and 

Figure 24 depicts schematically a step of a method for making a pressurizable structure 
20 according to Figure 22 by means of e.g. braiding. 



VS^th reference to Figure 1^ almost every isot^isoidal body is characterize 
nite slope at its pole radius and its equator radius. A basic aspect of the invention is embodied 
in an oblong, quasi-cylindrical pressurizable structure which comprises altematingly concave 

25 and convec surfaces of axial sections as shown in Figure 2. In regard of the surfiaces, it should 
he noted fliat the fibre is under a constant tension at every locus of the surface^ 

The pressurizable structures according to the invention are conveniently defined in 
terms of the two parameters the q-factor and the r-facton With reference to Figure 3, the q- 
factor is defined as the square of the dimensionless quotient of said local maximum radius of a 

30 convex surface section adjacent to the concave surface section in question and the local mini- 
mum radius of the concave sur^ce section in question, and the r-factor is defined as the quo- 
tient of the total distribution of the axial load on the circumference of said local minimum 
radius and the internal axial force generated by the internal pressure on the sur^ce of the axial 
section at said local maximum radius. 
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Figure 4 deplete various coxztfainafioiis of vessels leaving different values of the q-^factor 
and the r-factor^ which coxnbinatioiis allow for different shapes. 

The ratios of the q-fiactors and of the r-factors of adjoining axial sections of the pres- 
suiizable structure influence the shape of the applied meridian profile, in order to ensure 
5 smooth transition of the connecting fibre between the axial sections^ r should not have a value 
smaller than -1 / q; in this rase, the maximum height (of what?) becomes equal to the height at 
the pole. The next important r-value is r(2;=0) where the height at the pole equalizes zero, see 
Kgure 5. 

Another important property in regard of the pressurizable structure according to the 
10 invention is that it allows for overwinding the same with a single fibre bundle. The latter is in 
contact with the surface throughout/ both over convex as well as concave surface sections. De- 
pending on the values of q and x, two different configurations can be followed in x^ard of the 
transition of the fibre from one axial section to an adjoining axial section of the structure^ see 
Figure 6. 

15 In cases whereby the q-f actor and the r-factor of the body have values in the ranges of q 

= {1, 12} and r {-1 /q, 0}, the winding angle at the pole (smallest radius) is appxox equal to 
n/2 [rad] and the degree of concavity is generally smalls that is: ie, the radius of normal curva- 
ture is large, so that the fibre is in contact with the concave surface section in question with its 
one and same side througJ\out and it imdergoes a total twist equal to n [rad] over the length of 
20 the transition between two sections. 

In cases whereby the q-factor and the r-factor of the body have values in the ranges of q 
= {1, 8} and r = {-1/q^ -l/(2q)}, or q = {8, oo) and r = {0, -l/q>, the winding an^e at the pole re- 
mains equal to n/2 [rad] while the degree of concavity is generally very large, so that there is 
reversal of the side of the fibre which is in contact with the concave surface section. Both types 
25 of cases are depicted graphically in Figure 7. 

Another important parameter in addition to the q-f actor and r-factor relates to the 
choice between geodesic- and non-geodesic trajectPries of tibre. A geodesic fibre path does 
not require any friction between the fibre aT-"' surface its overwinds, while conversely a 
non-geodesic path for the fibre doe** -^9^^^ friction, 
30 In rep^-" ^ aeoH - - '^^din& assuming that there is zero friction (p 0), then it is not 

.^xoie to mai^- an axial section which has different ladH of the pole openings at its ends. This 
entails that one and the same meridional profile needs to be used for identical adjoining axial 
sections of the pressurizable strucmre. In addition, in case of the q-factor having small values. 
It leads to pole openings with considerable radii. 
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In regaxd of non-gieodesic winding: depending on tiheizia^ |i and the chosen 

values of the q-factor and the i-foctor, it allows for accommodation of the dianging q-factoj- in 
regard of transition £ram one axial section to an adjoining section. The measure of decrease 
dep^uis mainly cn tfhe dimensionless equator radius and}i, see F%uze 8. 

Having selected a particular value for the radius of Bie pde opening may even be- 
come eqiial to zero with the value of the q-£actar being sufadently high. Figure 9 dqncts val- 
ues of the coirespcHiding dimensionless equatonal radii. 

Figures 8 and 9 thus relate to the case of achieving an isotenscndal shape by means of 
non-geode^c winding. It should be noted that the lesuUing moidian pnsfile is significantly 
similar to tiie geode^isotenscddal one. This pixtperty aUows for use in general of t^ 
de^c isotensoidal shapes notwithstanding Oie occurrence of friction. It ^ould be noted that a 
particular q-value is directly coupled to the coxiBspondlng dimensionless equator radius. 

The body of the pressmizable structure according to the invention can be either rigid or 
inflatable/deflatable. This distinction relates to the choice of use of matrix matezials and in 
5 reg^ of tt»e production process in terms of the desired quality, manufacturing time and re- 
quired osefScient of Miction between the fibre bundle and the surface which is to be ov»- 
wound 

In regard of a rigid pressmizable structure, its design procedure may be substantially 
similar to that of known isotensoidal pressurizable structures, either with or without imple- 
0 mentation of friction. Hob is weJl known in the art, and hence rigid structures will not be de- 
scribed fiirlher in this patent application. 

The following is a description of the aspect of variation of mechanical properties of the 
pressurizable structure according to the invention when it is under internal pressure. 

The starting p(^t is a column of pressurizable structures (which are isotensoidal of 
5 shape and are SMdesically wound) with certain vataes of the q-feictor, the r- factor and the 
internal pressure. In tho ev^ of deflation, the pressure reduction may be described by the - 
parameter § whfch is equal to P(deflauw>/p(initial). The dimensionless yabik of^lacement 
(^decrease in height) of the highest vessel point depe,^ ^ ^j^^ reduction and the 

initial values of the q-£actor and r-factor, see Figure 10. 

0 Figure 10 represents the displacement-pressure modification <Ji>«v». j^^j^ ^ 

asdal section of a pressurizable structure. Depending on the number of interconnected axiiau 
sections, the curve in regard of the total pressurizable structure can be deduced on the basis of 
a series-connection of equivalent spring elements. 

A modification of an axial <?rction due to a change in its internal pressure corresponds 
5 in effect to a new value of its r-fa .. v, with the proviso that the value of the q-£iactor also 
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changes such that the total fibre length remains practically imchanged. An example of this 
modification of the r-factor as a result of a change in the internal pressure is shown in Figure 

11- 

Every initial {q/x} Gon6giiration carresponds with distinctive values of minimum § and 

5 effective r-factor. The xninunum Rvalue is associated with a thresh 

which is xeqinied for countezxng the axial force at the top of the configuration of combined 
structures. The most important mechanical property of the presstuizable structure is the 
adapteAnlity of the pressure-displacement characteristic thereof ttuough variations in the val- 
ues of the q-fector and/or of the r^facior as well eis modification of the number of stmctures 

10 which are to tie intero^nnected in parallelr or in series. Profiles on the basis of non-geodesic 

winding also provide an additional possibility for adapting the pressure^displacement charac- 
,j teristic of the pressuri2;able structure. 

In addition to longitudinal displacements of one or more axial sections of the pressuriz- 
able structure, it can also be pivotable with respect to the longitudinal axis of the structure. In 

15 other words, one or more axial sections can also be subject to rotation with respect to the longi- 
tudinal axis of the structure. This can be achieved through modification of the fibre path, such 
that the total fibre length is greater than the geodesic length, see Figure 12. According to an- 
other possibility, such as in the case of a structure with an asymmetrical axial cross-section, at 
least one axial section of the structure is variable with respect to the longitudinal axb of the 

20 presstuizable structure. According to yet another possibility/ an axial section of ttie structure is 
pivotable with respect to an axis, which axis is orthogonal with respect to the longitudinal axis 
of the pressurizable structure, see Figure 13. 

During deflation the value of the effective r^factor l^ecomes increasingly negative. 
When this value is smaller th^ the vessel will liehave slightly stiffer then as indicated by 

25 the predicted pressure-displacement characteristic (see Figure 10), due to extensive contact 
between adjoining axial sections of the pressuriziable structure. 

Figure 14 depicts the use of a hyp^oloid axial section as an embodiment which can 
simultaneously be subject to both the axial length of the axial section being variable with re- 
spect to the longitudinal axis of the pressurizable structure (translation of the axial section) as 

30 well as this axial section being pivotable with respect to the longitudinal axis of the pressuriz- 
able structure (rotation of the axial section)- The length of the fibre which overwinds this axial 
section remains constant throughout. 

In regard of the stability of the pressurizable structure according to the invention, and 
with reference to Kgure 15: when a deviation of the plane perpendicular to the longitudinal 

35 axis at an end plane of an axial section occurs, then the structure shall give rise to a moment 
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which will counteract with respect to this deviation. The behavior of a pressurizable structure 
according to the invention can be derived from the stability of a single axial section. When it is 
in a deformed state, the pressurizable structure can be considered to be as a structure having a 
slightly modified distribution of the equator radius compared to a non-de£omied state, with 

5 changes at the pole radius remaining substantial^ negligjbley see Kgure 16. 

As a result of the deformation, the fibres will under^ different loads as a function of 
their angular position in the equatorial plane of ttie axial secticHi. With reference to Figure 17, 
these loads will generate a moment tending to counter the deformation* The slope of die mo- 
ment-angie curve depends on the design parameters {q^} and the applied fibxe path (geodesic 

.0 or non-geodesic). It is to be noted that the relationship between the defomiation and the gener- 
ated moment is linear. 

The following is a description of the maximum stresses which arise in the event of de- 
formation of a pressuri^able structure according to the invention. Assimie an initial situation of 
a structure comprising a stacked arrangement of axial sections. The maximum deformation 

5 imaginable is when the stacking of the structure is flattened to a state comparable to diat of a 
stack of compact discs. In the flattened state^ the axial sections have the same pole radius as in 
the initiEil state. As described above in relaticm to a hyperlx>loid structure, in order to maintain 
the same fibre length of a winding as in the initial state, the equator radius of the related axial 
section will have to increase. Consequently^ the matrix should be able to withstand the gener- 

;0 ated stresses and strains. This analysis is based on the validity of a plane stress situation, 
whereby the fibres are considered to be infinitely stiff, e.g as in Figure 18. When applying a 
typical rubber as the matrix material (e.g. Polyurethane), the maximum equivalent Hubert- 
Hencky stress remains below the yield value and occurs at die outer fibre locus (equator). 
In regard of applicable pressure levels^ these are theoretically unlimited, mainly de- 

5 pending on the applied fibre material and the numba of windings. In practice, even when the 
strongest fibres are used, the physical voliune of fibres pmddcsible at the poles limits the num- 
ber of windings. The latter sets a Gmit on the design pressure. Generally, pressure levels of e.g* 
300 [bar] axe achievable. This level forsDS a significant difference between a typical unrein- 
f orced inflatable structure and the pressuxizable structure comprising coml>inations of axial 

0 sections according to the invention. 

The pressurizable structure according to the invention can be used in various fields of 
technology. Son:ie practical embodiments are pressure vesseb which offer a comprehensible 
occupation of the available ixistallation spac^ at an optimum strength-*to-weight ratio; adjust- 
able springs; smart actuators serving as replacements for hydraulic or pneumatic cylinders; 

15 and robodc arms and elevators which can bear high loads and perform movements in multiple 
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degrees of freedom. Other embodiinents compxise pipelines such as flexible pipelines of which 
the dimensions and load-bearing properties are alterable. Also, large structures such as high- 
rise buildings comprisiAg low-weight pressuxi^^able axial sections according to the invention 
are feasible. An exan^le relates to a vehicle-parking building which comprises a variable 
5 number of parking decks^ whereby one or more decks comprise struts formed from pressuriz- 
able axial sections according to the invention and whereby a deck is taken into use by pressur- 
izing the same only when so required. Yet further embodiments compxise smart structures 
such that when these are put to use as load-carrying members, the stiffness characteristics of 
the resulting structure can be ac^usted, e.g. in the case of adaptation of the resonance frequen* 

10 des of tmildings during an earthquake or a blizzard). 

Widi respect to the constraints of a gjlven installation space, there are various possibili- 
"j ties of filling it with hig|i-per{bnn£mce composite pressure vessels having considerable operat- 
ing pressure levds. Such a use can be based on an arrangement according to Figure 19. A 
three-dimensional arrangement can advantageously increase the occupation of the space avail- 

15 able. Another advantage of filling a space with an arrangement comprising several tanks is 

that in the event of a feed failure, there will still be enough fuel in the remaining pressurizable 
sections comprised in the arrangement to the end of keeping the related energy converter in 
operation. Such a fail-safe property is advantageous particularly in lig^t of e.g. the aerospace 
industry. 

20 In regard of the use of a pressurizable stmcture according to die invention as an adjust- 

able spring: this can be achieved through a variation of the internal pressure of the axial sec- 
tions of the structure in ccmjunction with use of its properties of adjustable values of its q- 
) factor, r-factor and the choice of geodesic or non*>geodesic trajectories of the fibre windings. 
Since high int^al pressures are applicable, spring means with roiall dimensions can be im- 

25 plemented. With reference to Figure 20, an arrangemrat of axial sections linked together in 
parallel and at different loci is advantageous in regard of the performance of complicated 
movements whereby ^ere are also considerable external loads exerted on the pressurizable 
structure. 



30 siderable external loads, the functions of these cylinders can be implemented by means of an 
arrangement of pressurizable structures, as described above, which means also provide for the 
advantage of eliminating, or at least reducing/ leaks and wear/ the latter as a result of interac- 
tion between different moving mechanical parts. Considering that the pressure^displacement 
curve of said arrangement of pressurizable stmchires is readily adjustable, specific uses relate 

35 to elevators, excavators and heavy industrial robots, see Figure 21 A-C, 



In other uses involving e»g. hydraulic or pneumatic cylinders which are subject to con- 
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In le^zd of the use of a pressuiizable structure according to the invention as a pipeline^ 
the comhmation of a high pressure-bearing capabifity, of translational and rotational ftexihility 
in addition to, theoretically, an infinite length of the pressuxi2able structure allows for the con- 
struction of continuous, adaptable pipelines. Depending on the required flexibility, the degrees 
5 of concavity and convexity are readily ad^table. The pipelines can be constructed on-site, or 
be transported in a compact, unpressuiized state. The latter leads advantageously to a consid- 
erable reduction of the volume of the structure. 



ple^ to form buildings. For example^ consider a square building \viuch comprises 10 floors. 
Consider further as a starting point that each floor is dimensioned to bear a floor load of 300 
(kg/m^J and that it is shaped as a square of 10 [m] x 10 [m] . The required ceiling height of each 
floor is set to 3 [m]. At the ground floor, the maximum allowable radius of the pressurizable 

15 structure, which comprises a number of different axial sections, is set to t>e 1 J25 [m]. Each of the 
four comers of the building is borne by one strut in the form of a pressurizable structure, see 
Figure 22. Calculations indicate that the required pressure at the ground floor is approx. 50 
[bar]. If the pressurizable structure is to be continued through to the adjoining floor levels then 
the pressure of the adjoining axial section can be varied in accordance to the cumulative loads 

20 on all higher-lying floors. In situations in which a decrease of the equatorial radius to the 
ma>dmuin extent pos^le is required, a solution can be found throu^ the use of smaller 
lengths of axial sections of which the pressurizable structure is comprised* Preferably, each 
floor should oonnprise an integer number of axial sections which extend exactly to the required 
ceiling h^ght and which are in accordance with the pressure level required for the ground 

25 floor. The result of fhis analjfsis is depicted graphically in Figure 23. 

If pressure valves are comprised between the different floors of the pressurizable struc- 
ture according to the invention, then this offers the possibility of tailoring the pressure levels at 
each floor and it thus provides for an adjtistable building. In practice, it would be preferable to 
construct each floor as being formed by a modular type of pressiuizable structure, whereby the 

30 pressurizable structure in turn comprises a number of axial sections which are adjoined by 
means of overwinding. A modular type of pressurizable structure does not give rise to techni- 
cal problems associated with the introduction of floor loads other than at an end of a pres- 
surizable structure. The possibility of biulding floors formed by modular pressurizable 
structures allows for addition or removal of such floors, by which adjustable buildings can be 

35 made to be readily convertible for different functions, e.g. a factory hall being converted into a 



10 



A further use of a pressurizable structure according to the invention relates to entitites 
such as stmts or shoring means for buildings. Axial sections can be connected to each other by 
means of continuous overwinding to any desired length, even ad infinitum at least in prind- 
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multi-dec^ parking gazage. Further, the Eigen-frequ^des of ^dstixkg building structures, such 
as a steel framework of a building, can be made adaptable with respect to varying condition, 
e.g, earthquakes and blizzards. Even further, a building can l>e built as follows. A pressurizable 
structure comprising a nurhber of axial sections is put in place in its impressurized state. The 
5 highest axial section is bn>ug))t under internal pressure upto the desired floor load-bearing 
capacity. As required, e^g a steel framework can be mounted onto die pressurized axial sec- 
tion. The ai^oining axial section which is to form the underlying floor is then brought under 
internal pressure. Throug^h repetition, each floor can be made at the ground level and raised. 
Such a method of constructing buildings leads advantageously to reduction of construction 
10 time and costs. 

In another aspect, the invention relates to a metiiod of producing pressurizable struc- 
\ :.) tures^ Basically, the pressurizable stroctuxes according to the invention can be pzoduced by 

means of filament winding and braiding There are several possibilities which allow for choice 
of production speed and of the implementation of Mction. For example, use can be made of 
15 winding or braiding with dry fibres, followed by application of matrix material by means of 
dimpling or spraying on to the fibres. Also, use can be made of winding or braiding with wet 
fibres, i.e. fibres which are impregnated with either a thermoplastic or a thermosetting matrix 
matenaL Jxt the case of a pressurizable structure, if applicable^ the matrix material should have 
deformation capabilities. 

20 In any method erf production, a body is required (mould or liner). The latter can remain 

in the structure after completion of the overwinding, as in the case of a rigid pressurizable 
structure which compxises several axial sectiws. In other cases, die Otherwise, the body 

jf should be flexible in order to withstand the deformations of a pressurizable structure. Another 
possibility relates to the use of a removable liner in connection witii a step of washing out, de- 

25 flating or mechanically reducing its voltune (such as with a so-called deployable liner). 

Klament winding is a well-known method of production, so oidy braiding will be described 
hereinafter in light of the possibility it offers for producing very long structures. With reference 
to Figure 24, consider the production of a strut for supporting a floor of a building. The ring 
shoxvn in the Figure comprises the necessary number of independent fibre bundles required 

30 for overwinding the axial sections which are to be comprised in the pressurizable structure. 

The ring can imdergo both a hanslational as well as a rotational movement. The fibres are to be 
drawn from a central arrangement of spools, whereby the central arrangement also also trans- 
lates and rotates with respect to the longitudinal axis of the pressurizable structure- Alterna- 
tively, the fibre spools themselves can be mounted on die ring itself. Overwinding can be 

35 continued from one axial section on to an adjoining axial section, with repetition hereof till 
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completion of tile pressurizsiible structure. In practice, there may be a limitation in regard of the 
total fibre length available on a spooL It should be noted that braiding can be implemented 
with an acceptable degree of accuracy only with the application of exclusively geodesic paths. 
In regard of a transition between adjoining axial sections: deprading on ther-factor, the 
5 fibre bundle undergoes a change of its contact side, see Figure 6. In this case, the method of 
braiding is easily implemented, because no additional spool rotations are required. In case of 
reversal of the side of the fibre which is in contact with the body, the fibre undergoes a twist 
whereby the spools mounted on Ae braiding ring have to rotate over the angle of twist with 
respect to the axis between the centre of gravity of the body and the centre of gravity of the 

10 related spool. This is achievable by a proper construction of the spool attachmrats on the ring. 
A central spool arrangoaent will not work in such cases, other than in the case of braiding 
whereby the fibre bundle does not have to undergo a twist. 

In regard of the width of the applied fibre bundle, in general a broad fibre will lead to 
less stacking of the fibre at the poles and to a reduction of braiding time. However, a broad 

15 tape may make it difficult to achieve a winding geometry wittiout any fibre interference at the 
transitional areas between adjoining axial sections. It should be noted that fibre interference 
does not occur if there is a twist in the fibre trajectory. 

In regard of the choice between filament winding or braidings it should be noted that . 
filament winding results in an accurate placement of each fibre over the axial sections (even in 

20 the case of application of non-geodesic windings). It also leads to enhanced strength of the 
pressurizable structure since there is only one begin point and one endpoint of the applied 
fibre bundle. In the case of braidingr every applied winding will have its own begin point and 
endpoint, which in general results in a reduction of the strmgth at the pressurisable structure. 
A proper fixation of the fibre bundles in the pole area can alleviate any related problem. 

25 



> 
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Isotensoidal shape 



A rotatioxially symmetiic shape designed in such a way 
that die applied fibres are tensioned m exactly the same 
magnitude. 



Dimensionless equatorial radius The actual equatorial radius divided by the radius of the 

pole opening. 

10 Dimensionless pole opening radius The minimum radius of the optimal part of the vessel di- 
vided by the radius of the pole opening (usually very 
V:) close to 1). 



15 



q-factOT 



The squared ratio of the dimensionless equatorial- and 
pole opening radius. 



20 



r-factor 



r(z=:0) 



A dinien&ionless parameter describing the axial load on 
the pole opening as a fraction of fhe internal pressure 
load. 

i 

The critical value of r forcing the pole opening of a vessel 
to become on the same altitude as the equator. 



25 



Geodesic trajectory 



The path cozmecting two points on an arbitrary surface at 
the shortest possible way. 



Non-geodesic trajectory 



A friction-requiring path cormecting two points on an 
art)itrary surfece. 



30 



The coefficient of fiiction between the fibre bundle and 
the surface of application. 



35 



A dimensionless parameter expressing the pressure of a 
partially deflated vessel as a fraction of the original one. 
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er Radial strain in the plane of the vessel surfiace. 

£q> Curiuxiferential strain m the plane o£t^^ 

5 yrfp Shear strain in the plane of the vessel surfece. 



10 
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CLAIMS 



1. Hbre-reinfbrced pre&surizable structure compzising a gas^ or £hiicl-tight body overwound 
wiih a number of fibre filaments^ whereby liie radius of the body varies with respect to a ro- 
tation-83mimetrical axis of the structure, sudi that said body conqmses a number of concave 
surface sections each having a local zninimum radius^ and a number of convex surface sec^ 
tions each having a local maximum radius, characterized in that at least one conq^ve suxfece 
section is ov^nvcnmd with a fibre sudi that the longitudiiud orientation of the fibre along a 
finite length thereof is orientated substantially perpendicular with respect to the rotation- 
symmetdcal axis of the structure. 

2. Fibre-reinforced pressuxizable structure according to daim 1^ characterized in that the finite 
length of the fibre comprises a locus at whic^i the fibre undergoes tor^on xvith respect to its 
longitudinal centre-Une. 

3. Fibre-'reinforced pressuiizable structure according to daim 1, characterized in that the finite 
lengthof the fibre coniprises a locus at which there is reversal of tiie side of the fibre which 
is in contact with the body. 

4. Fibre*reinforced pressuiizable structure according to any of claims 1-3, whereby a parame- 
ter called the q-factor is defined as the square of the dimensionless quotient of said local 
maximum radius of a convex surface section adjacent to the concave surfece section in ques- 
tion and the local minimum radius of die concave surface section in question, and whereby 
a dimensionless parameter called the' r-fector is defined as the quotient of the total distribu- 
tion of the extenud axial load on the drcumfer^ce of said local minimum radius and the in- 
ternal a^dal force generated by tiie internal pressure cm the surface of the eudal section at said 
local maximum radius, characterized in that when the q-factor and the r-factor of tiie body 
have values in the ranges of q = {1, 8} and r = {-1/q, -1 /(2q)}, or q = {8, «} and r = {0, -1 /q}, 
there is reversal of the side of the fibre which is in contact with the concave surfoce section. 

5. Fibre-reinforced pressiuizable structure according to any of claims 1-3, whereby a parame- 
ter called the q^-factor is defined as the square of the dimensionless quotient of said local 
maximum radius of a convex surface section adjacent to tiie concave surEace section in ques- 
tion and the local minimum radius of the concave surface section in question^ and whereby 
a dimensionless parameter called the r-factor is defined as the quotient of the totgl distribu- 
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tion of ttiB external axial load on the drcumfer^ce of said local ociinimum radius and the in- 
ternal axial force generated by the internal ptesstxre on the surface of the axial section at said 
local znaximum radius, diaracterized in that when the q-£actar and the r-factor of the body 
have values in the ranges of q {1, 12} and r j= {-1 / 0}, the fibre is in contact with the con- 
5 cave surface section in question with its one and same side throughout. 

6. Fibre-rejxiforced pressuzizable structure according to any of claims 1-5, characterized in that 
the body is flexible, i,e. non-rigid/ and that the fibres are supported by a rnatiix materiaL 

10 7. Hbre-rdiifcHrcedpressunzable$tnictureaax>rdingtoanyof c]^^ 

the axial length of at least one axial section of the structure is variable with respect to the 
longitudinal axis of the pressurizable structure. 

8* Fihre-reinfoFced pressuxizable structure acceding to any of claims 1-6, characteii^d in that 
15 at least one axial section of ihe structure is pivotable with respect to the longitudinal axis of 
the pressuxizable structure. 

9. Fihre-reirtforced pressurizable structure according to any of daims 1-6, characterized in that 
at least one axial section of the structure is pivotable with respect to an axis, wliich axis is 
20 orthogonal with respect to the longitudinal axis of the pressurizable structure. 

ICHbre-reinforced pressurizable structure according to any of daims 7-9, characterized in that 
at least one axial section of the stnscture comprises a combination of at least two of the 
technical elements of said claims, e.g. in that at least one axial section of the structure is piv- 
25 otable with respect to the longitudinal axis of the pressurizable structure and that the axial 
length of this axial section of the structure is variable with respect to the longitudinal axis of 
the pressiuizable structure as in the case in which the pressurizable structure comprises a 
substantially hyperboloid shape. 

30 11. Fibre-reinforced pressuii2:able structure according to any of claims 1-10, characterized in 
that the pressurizable structure comprises a one- to three dimensional arrangement of a 
number of pressurizable fuel tanks or pipelines. 
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12.Hbre-reinforced pressuxizable structure accoiding to any of daims l-ll, charactexized in 
that the pressmizable structure comprises a spzing means for a load-displacement function. 



preferably an adjustable load-displacement function* 

5 13.Hfare-reinforced pressuxizable structure according to any of daims 1-1 1, characterized in 
that the pressuxizable structure coinprises means for an actuating function, such as for ele- 
vators, excavators and industrial robots. 

14.Fibre-reinfbrced pressuxizable structure acccnrding to any of claims 1-11, characterized in 
0 that the pressuxizable structure comprises means for a shoring or strutting function, such a 
construction beams. 



15 



l5.Fihr&-reinlorced pressuxizable structure according to claim 14, characterized in that the 
means for a shoring or stratting function, sudi as constroction beams, are adaptable to the 
Eigen^&equendes of the pressurizable structure. 
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Continuation of Box 1.2 
Claims Nos.: 3,4 



The parameters used 1n claim 3 and 4 to define the geometry of the 
pressurlzable structure makes a meaningful comparison with the prior art 
impossible. 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to Inventions in respect of which no International 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority Is normally not to carry out a 
preliminary examination on matter which has not been searched. This Is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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This (nternationat Search Report has not been eetabilehad In respect of certain claims under Artlcla 17(2)(a) fear the foilowmg reasons: 
1, n Claims Noa: 

' — ' because they relate to eubiect matter noi required to be searched by this Authority, namely: 



Pn Claims NOS4 3.4 

because they retate to parte of ^ intemaoonai Apptication that do not comply with the preecrfbed requirements to such 
an extent (hat no mearvng(ul Intamationaf Search can be cammed out, apeciAcatly: 

see FURTHER INFORMATION sheet PCT/ISA/210 



a rH cialmeNos,; 

because they are dependent dafcns and are rmt drafted tn accordance with the second and third sentences of Rule 6^(a}. 
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This mtemafittial Searching Author!^ found multiple Inventions In this international applicatfon. as fonotws: 



1. I I Ae all required additional eearch fees were ilmeV paid by the applicant, (N^ 
(—1 eeafchabte claims. 

2. LJ as all seariDhaMe ctaima cot4d be searched without eflort Juetiryino an additional tea» iNs Authority did not Invtta payment 
' — * Of any additional fee. 



3, I I AS only acme of the required addmonal eearch fees were timely paid by ttie applicant, this International Search Report 
> — 1 covers only those claims for which fees were paid> pacifically dalms Nos.: 



4. LJ No required addiiktnal search fees mre timely paid by the applicant c^^ 

restricted to the Invention first mentioned m the daime; It is covered by d^s Nos.: 



RemarK on Protest jj The addillonai eearch fees were accompanied by the applicants protest 

I I protest accompanied the payment of additional search teea 
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